Twenty-eight antibiotics were tested with the Limulus amoebocyte lysate assay to determine their non-inhibitory concentrations (NICs). The Limulus amoebocyte lysate assay was found to be a valid test for most of the antibiotics tested; the NICs were found to be greater than the minimum valid test concentrations. Borderline results were obtained with cefamandole nafate and neomycin sulfate. Polymyxin B and colistimethate contained too much endotoxin to permit determination of NICs. The NIC of tetracycline hydrochloride was dependent on the initial concentration of antibiotic. This dependence was most likely caused by the amount of base required to adjust the pH before testing.
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Since Limulus amoebocyte lysate (LAL) has become available for the detection and quantitation of lipopolysaccharide or bacterial endotoxin (5) , the test has been used to measure levels of endotoxin contamination in a variety of injectables, including penicillins (1, 6, 7, 9) and several other antibiotics (3) . Unlike the U.S. Pharmacopeia pyrogen (rabbit fever) test, the LAL assay is often inhibited by concentrations of product at usual human (or rabbit) dosages. In most cases, dilution of the product results in a testable solution (2) . The Food and Drug Administration, recognizing that an inhibition problem existed and that the LAL assay was able to detect much lower levels of endotoxin than the rabbit fever test, derived a formula for determining the minimum valid concentration (MVC) of a product testable with LAL (8) .
Using a simplified version of the inhibition test described by Guilfoyle and Munson (2), we surveyed a number of types of antibiotics with LAL to find their non-inhibitory concentrations (NICs). For a valid LAL test, the NIC must be equal to or greater than the MVC. In this manner, we found that LAL may be used to detect and quantitate endotoxin in most antibiotics.
MATERIALS AND METHODS Antibiotics. Most of the antibiotics, some in pure form and some buffered or formulated as filled (final) drug products, were kindly supplied by the following pharmaceutical manufacturers: Beecham Laboratories, Bristol Laboratories, Eli Lilly & Co., E. R. Squibb & Sons, Inc., and The Upjohn Co. Other drugs were obtained commercially or as test samples from various sources. Antibiotics in dry form were reconstituted with sterile water for irrigation (SWI) or sterile saline (0.9o NaCl) solution, which was prepared by adding NaCl, depyrogenated by dry heat (180°C, 4 h), to SWI. The SWI and saline solutions were shown to be free of detectable endotoxin by the gel-clot test and by the kinetic turbidimetric LAL test (10) .
The highest concentration of antibiotic tested was generally that found in the presentation dose of the antibiotic. Twofold dilutions were made from the highest concentration tested, except where 10-fold dilutions are indicated (see Table 2 ).
Endotoxin. U.S. reference standard endotoxin, EC-2, was obtained from the Food and Drug Administration, Office of Biologics. The control standard endotoxin, lot no. 13 Table 2 ). Often, the buffering capacity of the lysate will bring a borderline pH into range, but the pH of the chlorampenicol-LAL mixture was not measured.
MVC determination. The maximum endotoxin concentration per kilogram of body weight of a rabbit or human currently considered acceptable (8) Two initial concentrations of the same lot of tetracycline hydrochloride were tested for inhibition. When 5 mg/ml was diluted in a twofold series, 0.16 mg/ml was found to be non-inhibitory; yet when 0.5 mg/ml was diluted, no inhibition was seen. In one case, the NIC was less than the MVC, and in the other, about the same. The initial pH of this antibiotic was very low. The NaOH concentration required to raise the pH may have contributed to the inhibition by increasing the sodium ion concentration (3, 11) .
Firther charaht;rization of the inhibitory properties of this aibiotic would be necessary before LAL could be used on this formulation.
DISCUSSION
Although distinction between bulk and final formulations was not made in this paper, it has been reported that final formulations are often more inhibitory (3) because they may include any of a variety of buffers, preservatives, and sequestering agents. Additives such as benzyl alcohol, chelators, and some buffers are known to inhibit the LAL test (11) . The formulations are proprietary, and therefore each manufacturer would need to ascertain the level of LAL inhibition for each of his own products.
Whether the formulations were bulk or final, the results of these studies indicated that the LAL test can be used to quantitate bacterial endotoxin in most antibiotics. These results were very similar to those reported by others for the penicillin derivatives disodium ticarcillin (6), methicillin and ampicillin (7, 9) , and disodium carbenicillin (7) . Minor discrepancies were most likely artifacts of the dilution scheme.
Our results showing that sodium oxacillin was testable with LAL agreed with those reported by McCullough and Scolnick (7) but were in contradiction to those of Guilfoyle and Munson (2), who reported that the antibiotic h4d to be diluted beyond the maximum valid dilution (8) to overcome inhibition. It was not indicated (2) whether pH had been measured or adjusted before testmg. Incompatible pH would be a most likely explanation, in our experience, but it may also be'that the fomulation of the antibiotic or of the LAL (TwI>y et l., submitted for publication) differed significantly.
Whereas many .of the antibiotics were highly inhibitory at the highest concentration tested, a lysate sensitivity of 0.08 EU/ml allowed. a relatively large dilu4ion to reach the MVC. An even gre4er`idtlon would be allowed if the actual sensitivity Of -elysa1i used in this study were substituted or if a more sensitive lysate were used. In the few cases where the NIC and MVC are very similar, a more sensitive LAL should be used. Further studies on the more inhibitory antibiotics and the one such as tetracycline that gave ambiguous results are under way in our laboratory.
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